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The first samples of crystalline pepsin were found to be a  protein con- 
taminated with 5-10  per cent non-protein material  (1).  On standing in 
solution  the protein  is  hydrolyzed, the  activity decreases,  and  this  non- 
protein material increases more or less rapidly depending on the conditions 
(2).  Solubility experiments (1) showed that the protein component of this 
preparation was at least as pure as the common proteins previously crystal- 
lized but showed some indications of the presence of several closely related 
proteins.  1  This is the case with all proteins so far studied with the possible 
exception  of  chymotrypsinogen (14).  These  experiments were all  made 
with  one particular  lot  of commercial pepsin.  Subsequent  work in  this 
and  other laboratories  has  shown  that  crystalline pepsin  prepared from 
different sources may differ in activity, stability, isoelectric point, and solu- 
bility.  Thus,  Northrop  (3)  found  that  pepsin  crystals  prepared  from 
certain samples of commercial pepsin  contained nearly 50 per cent inert 
protein.  All samples of once crystallized pepsin  contain more or less of 
another enzyme which acts on gelatin (4).  Herriott (5) showed that pepsin 
prepared  from  pepsinogen  and  from  various  commercial  preparations 
differed 10-30 per cent in activity.  Holter  (6)  obtained some indication 
of  enzymes of  different  activities  by  means  of  adsorption  experiments. 
Dyckerhoff and Tewes (17)  also found slight variations in activity.  '/~gren 
and Hammarsten  (7)  obtained an increase in activity as calculated on a 
total nitrogen basis by electrophoresis and their results have been confirmed 
by Tiselius, Henschen, and Svensson (9).  Steinhardt (8) found a variation 
in solubility of pepsin at pH 2.7  and suggested that the effect was due to 
the non-protein material present.  Solubility studies (10) show that these 
differences are probably due to the fact that there are several active proteins 
* Fellow of the Belgian American Foundation. 
x  It may be recalled that these determinations were  made on samples which had been 
treated by a series of extractions in the solvents used and not on crystals direct from 
the mother liquor. 
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and that the differences in the various commercial preparations are due to 
differences in the proportion of the various components present. 
It has been possible to prepare pure  "A" pepsin of  constant solubility 
from pepsinogen and also from certain especially active commercial prepara- 
TABLE  I 












Pel~n preparation  Cell used 
~o 
Per cent 
;tation-  N.P.N. 
"  Moving  sty 
pH  ~  boundary bound- 
ary 
Cm. 
Glycerine standard  i Tiselius 4.6  2 
dialyzed 
Same as No. 1  "  4.43  8 
Same as No. 1  U tube  4.6  8 
Glycerine standard  "  4.6  2 
dialyzed and part- 
ly inactivated 
Same as No. 4  "  4.6  4 
Same as No. 4  "  4.6  10 
Crystallized from  Theorel  4.1 
Cudahy, dialyzed 
Same as No. 7  U tube  4.6  6 
Same as No. 7  "  4.6  9 
Same as No. 7  "  4.6  8 
Same as No. 7  M cell  4.6  3 
Crystalline Parke,  U tube  4.6  9 
Davis 
Pure "A" pepsin  Tiselius  4.6  2 
Mixture: 0.44 activ-  U tube  5.2  5 
ity pepsin +  0.28 
activity pepsin 
Sharp  -- 
"  i Faint 
Diffuse  " 
Sharp  " 
LC  ~ 
o  ~  ~ 
0.29 0.29 0.29 0.31 
).30 0.30 0.30 0.305 
D.28 0.28 0.30 0.30 
).25 0.29 0.29 0.31 
~.19 0.26 0.28 0.33 
i0.25 0.27  0.33  0.31 
0.26 0.290.29 0.29 
0.26 0.30 0.29 0.31 
0.26 0.28 0.29 0.28 
0.25 0.30 0.29 0.31 
0.26 0.29 0.29 0.30 
0.23 0.24 0.24 0.24 
0.33 0.33 0.33 0.33 
0.31 0.32 0.34 0.36 
i 
* The electrophoresis in these experiments was carried out by Dr. Alexandre Rothen, 
Laboratory of Physical Chemistry at the Rockefeller Institute. 
t The electrophoresis was carried out by Dr. Lewis G. Longsworth, Laboratory of 
Physical Chemistry at the Rockefeller Institute. 
fions  (Herriott,  Desreux,  and  Northrop,  unpublished experiments).  An- 
other  component of low activity 0.1  [P.  Hb  U.]m,. P.N. which has an isoelectric 
point at pH 4.0 has also been isolated (Desreux and Herriott).  No general 
method has been found so  far,  however,  for separating the  mixtures into R.  M.  HERRIOTT,  V.  DESREUX~  AND ~.  H.  NORTHROP  441 
their  various  components.  .~gren  and  Hammarsten  (7)  and  Tiselius, 
Henschen,  and  Svensson  (9)  have  found that  electrophoresis of  pepsin 
solutions yields a substance of higher activity than the original solutions as 
calculated on a total nitrogen basis.  According to Tiselius et al. this is a 
protein, shows a sharp boundary, and migrates as a homogeneous substance. 
It seemed possible, therefore, that the electrophoresis method might furnish 
a means of separating the various protein components of a pepsin solution. 
A number of electrophoresis experiments were therefore carried out with 
various pepsin preparations.  The results of these experiments are sum- 
marized in Table I. 
The results show that there is no separation of the protein components 
from each other but that they migrate at the same rate and show a homo- 
geneous boundary.  This accounts for the fact, noted by Tiselius, that the 
specific activity of the migrating component is different in different prepa- 
rations.  More or less of the non-protein nitrogen is left behind at pH 4.4 
and the migrating protein therefore has a higher activity on a total nitrogen 
basis than the original solution, as Tiselius and his collaborators and ~,gren 
and Hammarsten stated.  There is, however, no increase in activity on a 
protein nitrogen basis. 
The "glycerine standard" pepsin of Table I  is the same solution as that 
used by  Tiselius.  It  is  a  twice  crystallized  preparation  from  Cudahy 
pepsin.  The  solubility diagram of  this  preparation  is  shown in Fig.  1. 
The diagram shows that more than one protein is  present.  The  migrat- 
ing boundary, however, is homogeneous (Fig. 5) as Tiselius states but this 
migrating material stiU contains more than one protein component. 
The solubility diagram of another sample of crystalline pepsin prepared 
from Cudahy pepsin is shown in Fig. 2 and that of pure "A"  pepsin  ~ in 
Fig. 3.  The electrophoresis of a sample of pure "A" pepsin is reported in 
experiment 13 and Fig. 4, and that of the Cudahy sample in experiments 
7-11 of Table I.  The solubility diagrams show that the crystalline Cudahy 
pepsin contains several proteins while the "A" pepsin contains only one. 
The  electrophoresis shows only one boundary in both samples. 
The electrophoresis of a mixture of highly active pepsin (specific activity 
0.44 P.U.) and a fraction of low activity (0.28) is shown in experiment 14, 
Table  I.  There is  again  no  separation.  The  activity of the migrating 
mixture is the same as that of the original mixture. 
Samples of "A" pepsin recently isolated give a  total solubility in this  solvent of 
0.85 rag. N/ml.  instead of 0.65  rag.  This difference may be due to slight differences 
in salt concentrations or to the fact that the sample reported still contained small 
amounts of a more insoluble protein present as a solid solution. 442  ELECTROPHORESIS  OF PEPSIN 
Electrophoresis at pit 3.5.--In  the preceding experiments at pH 4.1-5.2 
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FIG. 1.  Solubility diagram of "standard glycerine" pepsin in half saturated  magne- 
sium sulfate 0.05 x~ pH 4.6 acetate at 22°C. 
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FIG. 2.  Solubility diagram of crystalline pepsin prepared from Cudahy pepsin in 
half saturated magnesium sulfate 0.05 ~ pH 4.6 acetate at 22°C. 
FIG. 3.  Solubility  diagram of pure "A" pepsin prepared from specially  active prepara- 
tion of Cudahy pepsin.  Conditions the same as in Figs. 1 and 2. 
stationary.  At pH 3.4, however, some of the non-protein nitrogen migrates 
to the cathode and the protein to the anode.  This confirms the results of 
Agren and Hammarsten, Table II.  There is, however, no change in the b 
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FIG. 4.  Electrophoretic patterns at 0°C. of pure  "A" pepsin in an 0.014 N sodium 
acetate buffer at pH 4.46.  a~', positions in the cell to which the boundaries were shifted 
before the potential was applied,  b, c, patterns of the rising and descending boundaries, 
respectively, after 4000 sec.  at 6.9 volts/cm.  The rising boundary was still too  sharp 
to be recorded  completely.  The ~ and  ~ boundaries  are  concentration gradients  re- 
maining near the initial boundary positions and do not represent electrically  inert ma- 
terial.  The mobility computed from the displacement of the descending boundary is 
u  =  -7.5~  ×  10  -5 cm}/volt/cm. 
a  b 
FIG.  5.  Longsworth  pattern  of  dialyzed  "standard  glycerine"  twice  crystallized 
Cudahy  12-7-33  pepsin  at  pH  4.43,  and  3.3  volt/cm.  (a)  Rising  anode  boundary 
after 6900 seconds; 1.28 cm. migration; mobility  **  -5.6  X  10  -5 ¢m3/volt/sec.  (b) 
Rising anode boundary after 57,300 seconds; 9.0 cm. migration; mobility =*  -4.7 X 10  -5 
cm}/volt/sec. 
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activity of the protein and the change in  total activity observed is  due 
merely to the separation of protein and non-protein compounds. 
Isoelectrlc Point of Pepsin.--Ringer  (11)  found that  most  samples of 
pepsin, as obtained from gastric juice, migrated always to the anode, even 
in strongly acid solution.  The addition of protein split products, however, 
caused the enzyme to migrate to the cathode on the acid side of about pH 
3.0.  Ringer concluded that the enzyme was an acid.  This result was con- 
firmed by Northrop (12) from a study of the distribution of pepsin between 
egg  albumin  particles  and  the  surrounding solution.  The  distribution 
was found to be the same as that of the chloride ion indicating that pepsin 
was a negatively charged monovalent acid at least as far acid as pH  1.0. 
Tiselius, Henschen, and Svensson (9)  have recently obtained the same 
result by  electrophoresis measurements.  Cataphoresis measurements on 





Crystall~ne  Cu- 
dahy in 2/10 
pH 3.4 citrate 
pH 





Anode  Cathode 
Sharp  Diffuse 
Per cent 
N.P.N. 
3.27  10  6  7C 
Hb  Hb  [P'U']Total  N  [P'U']Protein N 
° 
0.30 0.10 0.30 0.31 D.3( 
l 
collodion particles  coated  with  crystalline  pepsin,  however,  showed  an 
isoelectric point at about pH 2.7  and a minimum solubility was observed 
near this point (1).  This result has now been found to be due to the effect 
of decomposition products on the measurement as originally described by 
Ringer.  Thus, solutions of pure "A" pepsin, when freed from non-protein 
nitrogen are negatively charged even in N/10 hydrochloric,acid.  After a 
few hours at  30°C.,  however, during which time about 5  per  cent non- 
protein nitrogen appeared in the solution, the particles became positively 
charged at pH 1.5. 
The fact that pepsin contains at least two primary amino groups but does 
not become positively charged even in 0.1 M acid indicates the presence of 
a very strong acid group.  An indication of such a group is also found in 
the  titration  curves  but  cannot  be  determined  definitely  in  this  way. 
Pepsin contains 1 atom of phosphorus (1) and this acid group may be that 
of phosphoric acid. R.  M.  HERRIOTT~  V.  DESREUX~  AND J.  H. NORTHROP  445 
EXPE~Ytn~NTAL 
Pepsin Activity Measurements.--The  peptic activity was determined by the hemo- 
globin method as recently described by Anson (15).  This method is accurate to ±2 per 
cent when different samples are run at the same time and with the same hemoglobin 
solution.  Determinations made at different times but with the same hemoglobin solu- 
tion may vary  +  5 per cent.  When the determination is made with different hemo- 
globin solutions and at different times the activity obtained may vary ±  20 per cent. 
For this reason it is necessary to run a "standard pepsin solution" with each unknown. 
The activity of the standard pepsin is taken as the average value obtained for that 
solution in a  long series of determinations.  The activity obtained with an unknown 
solution is corrected in proportion to the correction found necessary with the standard 
SX 
pepsin solution.  That is, the activity of the unknown solution equals -~- when A  is 
the observed activity of the standard solution in this particular run, S  is the average 
value of the standard, and X  is the observed activity of the unknown solution in the 
same series of determinations. 
The  glycerine  standard  solution  used  in  these  experiments  gave a  value  of 0.29 
PU  Hb  [PU.]~  Hb  total N  [  •  .Imp. P.N. or 0.26  over a  series of determinations.  For the same 
solution after dialysis Tiselius found 0.21  Hb. U. per nag. total nitrogen.  In view of 
the increase in activity found by Tiselius it appears probable that the solution analyzed 
by him contained 20-30 per  cent non-protein nitrogen  and hence gave a  low initial 
activity.  Unfortunately neither Tiselius and his coworkers nor/~Ten and Hammarsten 
analyzed for protein nitrogen.  Since Tiselius obtained a value of 0.34 [P.U.]~  Hb. to~ N 
after electrophoresis it appears that his figure of 0.34 corresponds to our figure of 0.29. 
The non-protein nitrogen exists in at least  two forms since part may be removed 
by dialysis and part cannot be removed in this way.  The proportion of dialyzable non- 
protein nitrogen  varies with  different preparations  and no general  statement  can be 
made concerning its occurrence. 
Nitrogen Determination.--Nitrogen  was determined by the micro-Kjeldahl method. 
Non-protein nitrogen is defined as nitrogen that is not precipitated by boiling 5 per 
cent trichloracetic acid.  In making the determinations it is important that a relatively 
small sample (1.0 - 2.0 co.) of pepsin solution be run into 8-10 ml. of boiling trichloracetic 
acid.  If the trichloracetic acid is not boiling or if the pepsin solution is added so rapidly 
as to cool the acid large amounts of non-protein nitrogen may be formed by the action 
of native pepsin on the denatured protein already present.  Protein nitrogen is taken 
as the difference between total nitrogen and non-protein nitrogen.  The specific activity 
per milligram total nitrogen is of much less significance in the case of pepsin than is the 
activity per milligram protein nitrogen.  For example, in the crystallization of pepsin 
from commercial pepsin the activity per milligram total nitrogen increases about 500 
per cent.  Upon standing in solution the activity may decrease again many hundred per 
cent in a few hours or days, depending upon conditions (2).  The activity per milligram 
protein nitrogen, however, remains practically constant through all these changes. 
Electrophoresis Measurements.--Experiments  1 and 2 were performed by Dr. Alex- 
andre Rothen and experiment 13 by Dr. Lewis G. Longsworth.  The Tiselius apparatus 
was used in these experiments. 446  ELECTROPIIORESIS  OF PEPSIN 
Experiment 7 was made in a Theorel (16) apparatus constructed of lucite. 
The other experiments were made in an open U tube except experiments 11 and 15 
which were done in an M  shaped cell of lu- 
cite.  This  type  of cell  has  proved  very 
simple to make and has been found to give 
very good results.  It may readily be con- 
structed  from strips of glass or of thin lu- 
cite, as shown  in Fig.  6.  Both large and 
small cells have been used.  They are filled 
and samples are taken  by means of  capil- 
lary pipettes.  If one arm  is  to  be  sam- 
pled  without  disturbing  the  solution  the 
bottom  of  the  V  is  filled  with  mercury 
from a  capillary pipette  before sampling, 
thus  sealing  off  the  other  arm.  The 
boundaries are observed by the method de- 
scribed by MacInnes and Longsworth (13). 
Solubility  Deterrnination.--The  solubil- 
ity determinations were made by precipi- 
tation  of  the  amorphous  protein  as  de- 
scribed  by  Northrop  (1)  and  the  curves 
analyzed  as  described  by  Kunitz  and 
Northrop  (14).  The  protein  content  of 
FIG. 6.  M  shaped  electrophoresis  cell  the  solutions  and  suspensions  was  deter- 
of lucite,  mined  by  turbidity  measurements  (18) 
after  precipitation  of  the  protein  by 
boiling  2 per cent  trichloracetic acid plus  10 per cent saturated  magnesium  sulfate 
solution. 
SU-M~A.RY 
1.  A  number of pepsin solutions containing several protein components 
have  been  studied  by  the  electrophoresis  method.  All  samples  show  a 
homogeneous boundary moving to the anode at pH 4.4. 
2.  The activity of this material may be higher than that of the original 
solution on the basis of total nitrogen but is the same as that of the original 
solution on the basis of protein nitrogen. 
3.  There is no separation of the various protein components under these 
conditions. 
4.  The apparent isoelectric point at pH 2.7, previously obtained by the 
collodion particle method is due to the presence of decomposition products. 
Pure crystalline pepsin, free from decomposition products, is always nega- 
tively charged. 
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